We assessed the relationship between the level of high-sensitivity C-reactive protein (hsCRP) and cardiovascular risk factors in Korean adults. Methods: We reviewed 1,561 patients with cardiovascular disease or diabetes mellitus with hsCRP levels measured within the past year. Four cardiovascular risk groups were determined: low (＜10%, 0-1 risk), moderate (＜10%, ＞2 risk), high (10-20%) and very high (＞20%) risk, according to the number of risk factors and the Framingham/NCEP ATP Ⅲ risk score. The correlations between the hsCRP level and cardiovascular risk factors (age, smoking, hypertension, lipid profiles and familial history of premature coronary heart disease) were investigated. Results: The mean and median hsCRP (mg/L) levels were 1.32±9.69 and 0.29 (range: 0.01-7.48), respectively. Men had a higher median level of hsCRP than women (p＜0.001). The levels of hs CRP significantly increased from the low to the very high risk group (0.15, 0.23, 0.27 and 0.47, respectively) and were significantly correlated with age, the level of glycosylated hemoglobin, body mass index (BMI), the level of high-density lipoprotein cholesterol (HDL-C), the low-density lipoprotein cholesterol (LDL-C)/HDL-C ratio, the LDL-C/total cholesterol (TC) ratio, the HDL-C/TC ratio, the HDL-C/triglyceride (TG) ratio and the TC/TG ratio. Neither smoking, the LDL-C level nor the TG level affected the hsCRP level. In a multivariate regression analysis, age, the HDL-C level, the LDL-C/TC ratio and BMI were found to be independently correlated with the hsCRP level. Conclusions: There is a significant relationship between the degree of cardiovascular risk and the hsCRP level in Korean adults with cardiovascular disease or diabetes mellitus. Assessing the hsCRP levels may thus provide additive value in predicting cardiovascular risks.
populaTiOn) study (NCT 00819273) is a nationwide multicenter, cross-sectional, observational study that took place between April 2008 and July 2009. The study protocol was approved by the Institutional Review Boards of each participating hospital. The study population consisted of 1,561 consecutive patients over 18 years of age with diabetes mellitus or cardiovascular diseases, such as hypertension or coronary heart disease (CHD), whose hsCRP level had been tested at least once during the past year. The diagnostic criteria for CHD included classic angina symptoms or positive results on an exercise treadmill test. Acute coronary syndrome was not included in the diagnostic criteria.
The criteria for exclusion included the use of statins or lipid-lowering agents, such as fibrates, niacin or bile acid sequestrants, during the previous quarter of the year before measuring the hsCRP level, the presence of an active inflammatory disease at the time of measuring the hsCRP level, treatment with hormone replacement therapy, the use of immune suppressants, a history of malignant neoplasm within the previous five years and a history of chronic inflammatory diseases, such as arthritis, lupus or inflammatory bowel disease.
The study participants were categorized as low-(＜10%, 0-1 risk), moderate-(＜10%, ＞2 risk), high-(10-20%) or very high (＞20%)-risk according to the number of coronary risk factors from the Framingham risk score assessment (modified by the National Cholesterol Education Program Adult Treatment Panel [NCEP ATP] Ⅲ 11, 12) . In this risk scoring system, the level of coronary risk is considered to increase in association with increasing age, total cholesterol and systolic blood pressure, decreasing HDL-C, smoking and a male gender.
Data Collection Methods
Information regarding a patient's cardiovascular risk factors (age, sex, hypertension, smoking, diabetes mellitus, personal and family history of CHD and laboratory findings (lipid profile, the hsCRP level, the glycosylated hemoglobin [HbA1c] level) was collected from the patient's hospital records. The body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters. Hypertension was defined as a systolic blood pressure of ＞140 mmHg or a diastolic blood pressure of ＞90 mmHg measured after five minutes of rest on at least two occasions or the use of antihypertensive agents. Diabetes mellitus was defined as a fasting blood sugar level of ＞126 mg/dL or a postprandial 2-hour level of ＞200 mg/dL or the use of oral hypoglycemic agents
Introduction
There are various risk factors for cardiovascular disease, including age, smoking, obesity, insulin resistance, diabetes mellitus, hyperlipidemia and hypertension. Among these risk factors, hyperlipidemia is known to be a major risk factor for cardiovascular disease, and lowering the levels of low-density lipoprotein cholesterol (LDL-C) is the primary focus of lipid modification for atherosclerosis prevention and treatment 1, 2) . However, patients may present with cardiovascular events despite having an LDL-C level that falls well within guideline-recommended targets 3) . Therefore, in an attempt to predict cardiovascular events, many investigators have focused on novel risk factors that reflect different aspects of atherogenesis, with hopes that identifying new biomarkers will provide alternative or adjunct methods to assessing the LDL-C level for predicting cardiovascular events.
Recent research has shown that chronic inflammation is associated with cardiovascular risk factors and plays a key role in the progression of atherosclerotic coronary heart disease 4) . The level of high-sensitivity C-reactive protein (hsCRP) serves as a chronic inflammatory marker and has been shown to be a predictor of cardiovascular events, regardless of the LDL-C level, in several large studies [5] [6] [7] . Moreover, the CRP level has previously been demonstrated to be a stronger predictor of future cardiovascular events than the LDL-C level 8) . The associations between the hsCRP level and major cardiovascular risk factors have previously been studied in Korean populations; however, these studies were small sample, single-center studies 9, 10) . In the present large and multicenter study, we investigated the associations between the hsCRP level and various cardiovascular risk factors, including lipid profiles, in Korean adults and identified the utility of the hsCRP level as a marker of cardiovascular disease.
Methods

Study Population
The CALLISTO (CorrelAtion of pLasma hsCRP concentrations and cardiovascuLar rISk in Korean
Results
Baseline Clinical and Laboratory Characteristics
The general characteristics and laboratory findings of the 1,561 subjects (841 men and 720 women) are listed in Table 1 . The mean age was 59.6 years; the men were younger than the women (57.5 versus 62.0 years, respectively). The mean (±SD) and median (range) values of the hsCRP level were 1.32 (9.69) and 0.29 (0.01-7.48) mg/L, respectively. As expected, there were differences between the men and women in physical findings, the smoking status, CHD and lipid profiles: the men had a higher incidence of CHD, higher hsCRP levels, lower total cholesterol (TC) levels, lower LDL-C levels and lower HDL-C levels than the women ( Table 1) . The men had higher weights and heights; however, BMI did not differ significantly between the men and women. The prevalence of hypertension and diabetes mellitus was not significantly different between the men and women ( Table 1) .
Relationship Between the hsCRP Level and Cardiovascular Risk Factors
The prevalence of the cardiovascular risk factors and coronary heart disease and the associated median hsCRP levels are listed in Table 2 . With the exception or insulin.
The serum hsCRP levels were measured using a high-sensitivity immunoturbidimetric method.
Statistical Analysis
Continuous variables are described as the mean± standard deviation (SD) and were compared using unpaired t -tests. Due to the skewed distribution of the hsCRP levels, the comparisons were made using the Mann-Whitney U test or natural log transformation. Categorical variables are described as counts and percentages and were compared using either the chisquare test or Fisher's exact test (both nonparametric). The correlation coefficients between the hsCRP levels and continuous variables were calculated using Pearson's correlation coefficients and a Pearson's univariate correlation analysis, and a stepwise multiple linear regression analysis was used to determine whether the cardiovascular risk factors were associated with the hsCRP level. All tests were two-tailed. p-values of ＜0.05 were considered to indicate statistical significance. All of the statistical analyses were performed using the SPSS 15.0 software program (Statistical Package for the Social Sciences, SPSS-PC Inc, Chicago, Ill). BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; F/Hx, family history; CHD, coronary heart disease; HBP, hypertension; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; HbA1c, glycosylated hemoglobin; hsCRP, high-sensitivity C-reactive protein.
ratio and BMI. As shown in Table 4 , age, the HDL-C level, the LDL-C/TC ratio and BMI were found to be significantly correlated with the hsCRP level.
Discussion
The present study demonstrated that the hsCRP levels are significantly higher in Korean patients with cardiovascular risk factors than in those without. In addition, in this study, the hsCRP levels were found to be significantly proportionate to increases in the number of cardiovascular risk factors and the degree of cardiovascular risk classification. This study provides evidence that age, the HDL-C level, the LDL-C/ of smoking, the presence of each individual cardiovascular risk factor was associated with a higher median hsCRP level than that observed when the risk factor was absent ( Table 2 ). The unadjusted correlation coefficients between log hsCRP and the number of cardiovascular risk factors showed that an increase in the number of cardiovascular risk factors was correlated with a significantly increased hsCRP level in the total patient population (r = 0.126; p＜0.001) and in men alone (r = 0.112; p = 0.004). Table 3 shows the calculated quartiles of the hsCRP levels and the odds ratios (95% confidence intervals) for the incidence of cardiovascular disease between the hsCRP quartiles, adjusted for the various cardiovascular risk factors.
The hsCRP level was found to be significantly increased in each group from the low to very high risk groups in the total patient population and in men alone. The hsCRP levels classified according to the cardiovascular risk classification of the NCEP ATP Ⅲ guidelines were, from low to very high risk, 0.15, 0.23, 0.27 and 0.47, respectively, in the total patient population, 0.22, 0.22, 0.47 and 0.50, respectively, in men and 0.12, 0.32, 0.19 and 0.44, respectively, in women.
The quartiles of the hsCRP levels and the associations between the hsCRP quartiles and the cardiovascular risk factors are shown in Table 4 . A univariate analysis showed that age, the HbA1c level, BMI, the HDL-C level, the LDL-C/HDL-C ratio, the LDL-C/ TC ratio, the HDL-C/TC ratio, the HDL-C/TG ratio and the TC/TG ratio were significantly correlated with the hsCRP level ( Table 4 ). In the multivariate analysis, we included variables with p-values of ＜0.1 in a univariate model, but excluded several ratios containing the HDL-C component. In the multivariate model, we included age, the HDL-C level, the HbA1c level, the LDL-C/TC ratio, the TC/triglyceride (TG) sis, which involves inflammatory processes. Our study showed that the hsCRP level is significantly correlated with conventional coronary risk factors, such as age and BMI, which were adjusted for in the total cohort.
Interestingly, among lipid profiles, only the HDL-C level was found to be significantly associated with the hsCRP level ( Table 4) . The mechanisms underlying the adverse effects of an elevated CRP level on lipid metabolism remain unclear; however, the results observed in the present study suggest that the hsCRP level may be an inverse predictor of the HDL-C level in Korean subjects with cardiovascular disease or diabetes mellitus.
Previous studies have indicated that the TC/ HDL-C ratio is a significant predictor of cardiovascular events and a therapeutic target in high-risk patients, with reductions in this parameter being achieved with the use of more aggressive LDL-C-lowering therapy or by potentially increasing the HDL-C level [22] [23] [24] [25] [26] . Many studies examining the associations between the hsCRP level and lipid profiles differ in their results due to differences in age composition, sample size and various other factors. Although no correlations between the hsCRP and LDL-C levels were observed in the present study, these two parameters were found to be minimally correlated in a previous study conducted in healthy American women 8) , and the combined evaluation of the CRP and LDL-C levels has been found to TC ratio and BMI are independent factors correlated with the hsCRP level.
The inflammatory response is now considered to play a key role in the development and progression of atherosclerosis 13) . Acute reactant hsCRP, an important marker of inflammation, appears to stimulate endothelial dysfunction and promote inflammation in the vessel wall, thus contributing to the initiation and progression of atherogenesis 13, 14) and an increased risk of cardiovascular events 15, 16) . Several prospective epidemiologic and randomized controlled studies of statin therapy have shown that the hsCRP level is either an independent predictor of future cardiovascular risk 7, [17] [18] [19] or provides additive value, together with other traditional risk factors, for predicting cardiovascular events 20, 21) . However, the present study is the first large, observational, multicenter study to show that the hsCRP level is significantly associated with cardiovascular risk factors in Korean subjects with cardiovascular disease or diabetes mellitus.
According to the NCEP ATP Ⅲ study, cardiovascular risk factors that modify LDL-C goals include smoking, hypertension, a low HDL-C level, a family history of premature CHD and an old age. Our study showed that the hsCRP level is correlated with each individual cardiovascular risk factor, except for smoking. It is conceivable that components of cardiovascular risk factors promote or are correlated with atherosclero- 
Conclusions
In Korean subjects with cardiovascular disease or diabetes mellitus, the hsCRP level exhibits a significantly proportionate relationship to the degree of cardiovascular risk and may provide additive value in predicting cardiovascular risks. Assuming that the hsCRP level reflects future cardiovascular risks, interventions that reduce the hsCRP level may be effective in reducing the incidence of cardiovascular events.
be superior for risk detection compared to measuring either parameter alone. Overall, this study showed that the CRP level is actually a stronger predictor of future cardiovascular events than the LDL-C level and adds prognostic value to the Framingham risk assessment 8) . Many studies have demonstrated the additive value of the hsCRP level in predicting cardiovascular risk; however, other studies have reported that measuring the level of CRP adds no additional value for coronary risk prediction when traditional cardiovascular risk factors are assessed 27, 28) . Paul Elliott and colleagues reported little concordance between CRP genotypes and the CRP level and its effects on CHD 29) . It has not yet been established whether inflammatory markers, such as the hsCRP level, are useful for predicting cardiovascular risks, and measuring inflammatory markers to evaluate future cardiovascular events is not routinely recommended.
Our study is associated with some limitations. Firstly, we used a cross-sectional and observational design that did not allow us to evaluate the temporal relationship between future cardiovascular events and the hsCRP level. Our findings should be confirmed in future adequately powered, prospective trials. Second, the study participants were patients with diabetes mellitus or cardiovascular diseases, such as hypertension or coronary heart disease (CHD); therefore, our population was very heterogeneous and is not representative of the general population of Korea. Third, patients receiving statin or lipid-lowering treatment within three months prior to measuring their hsCRP level were excluded from this study. Therefore, it is possible that a number of patients with high LDL-C levels were excluded, while patients with low HDL-C levels were included. Finally, data regarding various factors that are associated with raised hsCRP levels, such as a high protein diet, sedentary lifestyle, sleep deprivation and alcohol use, were not available to the investigators.
Regardless of these limitations, the results of this study suggest that there is a significantly proportionate relationship between the hsCRP level and the degree of cardiovascular risk assessed according to the NCEP ATP Ⅲ classification. It is likely that no one solitary pathway is responsible for all cardiovascular events and that interactions between various risk factors are important. As atherothrombosis often occurs in the absence of hyperlipidemia, identifying biomarkers that can be used as alternatives or adjuncts to the LDL-C level is warranted. The CRP level remains reasonably stable over long periods of time and is relatively inexpensive to measure 8) . The results of the present study suggest that the hsCRP level may offer considerable additive value in predicting cardiovascu-
